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(or "partial-") grade changes for WORMS cartilage and BML assessment
in order to code longitudinal changes that do not fulﬁll the criteria of
a full-grade difference between time-points. The aim of this study was
to examine the validity provided by within-grade scoring of cartilage
and BMLs in comparison to full-grade assessment using baseline and
30 months follow-up MRIs from the MOST study.
Methods: The Multicenter Osteoarthritis (MOST) Study is a longitudinal
observational study of subjects with knee OA or at risk of developing OA.
The MRI protocol included axial and sagittal proton density-weighted fat-
suppressed fast spin-echo and a coronal STIR sequence (1.0 T extremity
system). PA X-rays were scored according to the Kellgren/Lawrence scale
by two experienced readers. In addition, long-limb ﬁlms were acquired
and mechanical alignment was measured. Neutral alignment was deﬁned
as 179–181 degrees, varus malalignment as ≤178 degrees and valgus
malalignment as ≥182 degrees.
The present analysis included all knees with available baseline and
30 months MRI and radiographic readings. MRIs were read according to
the modiﬁed WORMS scoring system including scoring of within-grade
and full-grade or greater changes for cartilage and BMLs.
The sensitivity and speciﬁcity of MRI-deﬁned cartilage loss to detect
increase in X-ray deﬁned joint space narrowing was assessed using
cartilage scores applying within-grades plus full-grades vs. full-grades
only.
The ability of baseline knee malalignment and meniscal damage to
predict compartment-speciﬁc structural progression was assessed using
ordinal logistic regression adjusting for age, sex and body mass index.
Progression was deﬁned as cartilage loss and BML worsening considering
within-grade scoring only vs. full-grade scoring only.
Results: 1867 knees were analyzed. Sensitivity to detect increase in joint
space narrowing for full-grade changes only was 0.55 and speciﬁcity was
0.86. For scoring of within-grade plus full-grades combined, sensitivity
was 0.66 and speciﬁcity 0.81.
Any varus malalignment predicted both, within-grade and full-grade
worsening of BMLs in the medial compartment [Within-grade scoring:
moderate malalignment (mMA) adjusted odds ratio (aOR) (95%
conﬁdence interval-95% CI) 1.9 (1.5, 2.5) severe malalignment (sMA) aOR
3.3 95%CI (2.2, 5.0). Full-grade scoring: mMA aOR 1.8, 95% CI (1.4, 2.3)
sMA 2.3 95% CI (1.5, 3.7)]. Malalignment similarly predicted within-grade
and full-grade WORMS medial cartilage loss. Results were comparable for
valgus malalignment predicting subsequent within-grade and full-grade
changes in lateral cartilage and BML worsening.
Severe meniscal damage predicted within-grade and full-grade
worsening of cartilage and BMLs in a comparable fashion.
Conclusions: Recording of within-grade subregional changes between
timepoints for WORMS cartilage scores increases sensitivity for the
detection of X-ray deﬁned wosening of joint space narrowing by only
slightly decreasing speciﬁcity. Both, within-grade and full-grade or more
cartilage and BML changes are predicted by baseline malalignment and
meniscal damage. Scoring of partial grade changes increases number of
compartments and subregions showing change and the association of
partial grade changes with risk factors and outcomes suggests that they
are clinically relevant.
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Purpose: Fractal signature analysis (FSA) is a method to assess trabecular
bone architecture from radiographs. It starts by quantifying bone texture
(i.e. degree of ‘roughness’ and ‘complexity’) at a range of spatial
scales, using fractal dimensions (FDs). FSA ﬁts a curve – the fractal
signature (FS) – to the FDs as a function of spatial scale. Separate
FSs can be calculated for vertical and horizontal FDs, which reﬂect
their respective trabecular dimensions. Recently FSA has been shown to
predict radiographic knee osteoarthritis (RKOA) structural progression.
The aim of this study was to determine whether baseline trabecular
bone texture, measured by FSA on radiographs, predicts incident RKOA
in a nested case-control study.
Methods: We conducted both incident RKOA nested case-control and
cross-sectional RKOA prevalence analyses in the Osteoarthritis Initiative
(OAI). Incident RKOA case knees (n = 140) were deﬁned as having a K/L
grade of 0–1 at baseline that changed to ≥ 2 at any follow-up time
point (12, 24, 36 or 48 months). Control knees (n = 300) were eligible for
incident RKOA but did not develop it by 48 months and were frequency
matched to cases (ratio ~2:1) on clinic site, baseline K/L grade (0 or 1) and
baseline contralateral knee K/L grade (0–1 or 2–4). FSA was performed
on the baseline ﬁxed ﬂexion radiographs and vertical and horizontal
FDs were calculated separately for medial and lateral compartments.
In order to perform a cross-sectional analysis of FS and baseline RKOA
(K/L ≥ 2) status, FSA was performed in all knees contralateral to case and
control knees. FDs were plotted versus spatial scale, referred to as radius,
to display the FS as a function of radius. FSs were estimated for each
participant and the average, trend and curvature were used to predict
RKOA status with logistic regression.
Fig. 1. Quadratic model ﬁts of vertical-medial FD for knees with prevalent
RKOA and no prevalent RKOA as a function of radius as well as average
± SD.
Fig. 2. Quadratic model ﬁts of vertical-medial FD for knees with incident
RKOA and no incident RKOA as a function of radius as well as average ±
SD.
Results: A total of 413 participants (163 male, 250 female, mean age
61 years) were included in this study. In the cross-sectional analysis,
baseline RKOA was present in 36% of the contralateral case and control
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knees. Knees with RKOA had increased vertical-medial FDs compared to
knees without OA (OR 1.8 per 1 SD increase in the average value of the
FS, p < 0.01; OR 0.8 per 1 SD increase in the curvature of the FS, p = 0.01)
(Figure 1). No association was seen between FS and incident RKOA.
Figure 2 shows the lack of signiﬁcant difference in the vertical-medial
FS between case and control knees. Results were also not signﬁcant for
horizontal-medial and vertical- and horizontal-lateral FSs with incident
RKOA.
Conclusions: In a cross-sectional analysis, vertical-medial FDs were
increased in OA knees. This is consistent with previous studies and
validates our measurement technique of FSA. The lack of association
between FDs and incident RKOA suggests that any FS changes detected
by our method prior to development of RKOA may be subtle (or
insigniﬁcant) compared to the larger changes associated with prevalent
RKOA. Studying relationships between alterations in bone texture and
RKOA development and progression using alternative FSA and bone
texture measurement techniques is warranted.
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Purpose: To examine whether MRI is more sensitive than conventional
radiography (CR) in detection of structural hand osteoarthritis (OA)
features.
Methods: We included 106 patients from the Oslo hand OA cohort
(97 women, mean (standard deviation) age 68.9 (5.6) years) with MRI
(coronal/sagittal/axial T1w fat-suppressed images) and posteroanterior
CR of the dominant hand. One investigator (IKH) scored the distal
interphalangeal (DIP) and proximal interphalangeal (PIP) joints for
structural features according to the preliminary Oslo hand OA score for
MRI (1); Osteophytes (grade 0–3; distal/proximal part of the joint), joint
space narrowing (JSN) (grade 0–3), cysts (grade 0–1; distal/proximal),
malalignment (grade 0–1; frontal/sagittal plane). Erosions (grade 0–3;
distal/proximal) and subchondral collapse of the joint plate (grade 0–1;
distal/proximal) were scored separately, in contrast to the proposed
combined deﬁnition and grading. For joints that were scored for MRI
pathology in both the proximal and distal part of the joint, we used
the highest score for that joint. Intra-reader reliability was good to very
good. One investigator (IKH) scored the same DIP/PIP joints according to
the radiographic OARSI atlas; Osteophytes (grade 0–3), JSN (grade 0–3),
subchondral erosions (grade 0–1), cysts (grade 0–1), and malalignment
(grade 0–1). Intra-reader (IKH) and inter-reader (IKH, JB) reliability were
very good for most features. We compared the number of affected joints
(≥grade 1 pathology) by CR and MRI with Wilcoxon signed-rank test,
and examined the agreement at individual joint level. Osteophytes
and JSN were assessed on 0–3 scales by both modalities, and we
calculated the percentage of exact agreement (PEA) and percentage
close agreement (PCA; difference of ≤1 between modalities). In order
to compare MRI-deﬁned erosions against radiographic erosions, which
were scored as absent/present, we dichotomised the MRI-deﬁned erosion
scores (grade 0=absent, grade 1–3=present). We calculated the PEA
between radiographic erosions and MRI-deﬁned erosions and between
radiographic erosions and MRI-deﬁned subchondral collapse. Cysts and
malalignment were scored as absent/present by both modalities, and we
calculated the PEA. Agreement between the two modalities was further
assessed by calculation of kappa and sensitivity/speciﬁcity of MRI with
CR used as reference.
Results: MRI detected more DIP/PIP joints with erosions (p< 0.001)
and osteophytes (p < 0.001) than CR, while CR detected more joints
with JSN (p < 0.001) and malalignment (p < 0.001). The difference was
non-signiﬁcant for cysts (p = 0.66). The sensitivity of MRI (with CR
as reference) was very high for osteophytes and erosions, while the
speciﬁcity was lower. The agreement between MRI-deﬁned subchondral
collapse and radiographic erosions was good. Cysts and malalignment
were infrequent features with low to moderate agreement between the
modalities (table).
Conclusions:MRI was more sensitive than CR in detection of osteophytes
and erosions, which is probably due to the multiplanar demonstration
of the joint by MRI. Malpositioned/ﬂexed normal joints may appear
narrowed on CR, and this may have contributed to decreased sensitivity
of JSN for MRI compared with CR.
Table: Agreement between MRI and conventional radiography (CR)
Percentage
exact
agreement
Percentage close
agreement
Kappa Sensitivity
(CR reference)
Speciﬁcity
(CR reference)
Osteophytes 36.8 93.7 0.41a 1.00 0.22
Joint space narrowing 55.3 98.1 0.50a 0.78 0.72
Erosions (MRI-deﬁned erosions vs. radiographic erosions) 67.3 Not applicable
(binary variables)
0.34 0.92 0.61
Subchondral collapse (MRI-deﬁned subchondral collapse
vs. radiographic eroions)
91.8 Not applicable
(binary variables)
0.75 0.83 0.94
Cysts 92.0 Not applicable
(binary variables)
0.11 0.16 0.96
Malalignment 91.7 Not applicable
(binary variables)
0.50 0.43 0.98
aWeighted kappa.
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Purpose: Most magnetic resonance imaging (MRI) studies on structural
progression of knee osteoarthritis (OA) have relied on relatively short
observation periods (e.g. 1 year). Although the rate of change is expected
to increase linearly with the length of the observation period, it is
currently unclear to what extent the sensitivity to change increases,
and whether short-term cartilage loss predicts cartilage loss over longer
observation periods in individual knees. Objectives of this study therefore
were to determine 1) the mean change and the sensitivity to change
of cartilage thickness (ThCtAB) loss over one-, two-, three-, and four
years; 2) the consistency of the subregion with the greatest rate of
change in each knee over different follow-up periods; 3) the relationship
between short- and long-term changes and speciﬁcally whether short-
term changes predict loss over longer periods.
Methods: Clinical and 3T sagittal DESS MRI data of 441 Osteoarthritis
Initiative (OAI) participants (one knee each, 216 Kellgren & Lawrence
grades (KLG) 2; 225 KLG3) were analyzed. Images were grouped by knee,
but blinded to acquisition order for manual segmentation of femorotibial
cartilage at baseline (BL), year one (Y1), year two (Y2), and year four
(Y4). Mean change (MC) in ThCtAB and the standardized response mean
(SRM=MC/SD of change) were computed over 1-year (BL→Y1, Y1→Y2),
2-year (BL→Y2, Y2→Y4), 3-year (Y1→Y4) and 4-year time periods
(BL→Y4). The ordered values (OV) approach was applied to determine
the subregion showing the highest rate of change (OV1). Because
precision errors occurring at common time points distort the association
among the observed correlations (in positive [ﬁrst/last observation] or
negative direction [intermediate time point]), the short- and long-term
changes without common time points (Y1→Y2 vs. BL→Y4 / BL→Y1 vs.
Y2→Y4) were compared using Spearman rank correlation coefﬁcients
as well as the smallest detectable change (SDC) approach, classifying
knees as (non-) progressors. The receiver operating characteristics (ROC)
curve was determined using a ﬁxed long-term (226mm) and a variable
short-term threshold and the area under the ROC curve was calculated
to assess the predictive value of short-term loss for long-term changes.
Results: In the total femorotibial joint (FTJ), the MC% was −1.2%/−0.8%
over one (BL→Y1/ Y1→Y2), −2.1%/−2.2% over two (BL→Y2/ Y2→Y4),
−3.1% over three (Y1→Y4), and −4.2% over four years (BL→Y4). The
SRMs were −0.42/−0.28 over one, −0.56/−0.50 over two, −0.59 over three,
and −0.74 over four years. The location of OV 1 was consistent between
short- and long-term changes in 22%/14% of the knees (Y1→Y2 vs
BL→Y4 / BL→Y1 vs Y2→Y4). The correlation between short- and long-
term change was r = 0.33 (Y1→Y2 vs. BL→Y4) and r = 0.17 (BL→Y1
vs. Y2→Y4). Of 83 knees classiﬁed as progressors by SDC at Y1→Y2,
60 (72%) also showed progression at BL→Y4. Fifty (46%) of the 109
knees progressing between BL→Y1 also progressed between Y2→Y4.
The area under the ROC curve was 0.64 for Y1→Y2 vs. BL→Y4 and 0.61
for BL→Y1 vs. Y2→Y4.
Conclusions: On a cohort-level, the rate of change in ThCtAB increased
almost linearly with the length of the observation period, while the SRM
